Abstract The pursuit of long-term goals is often thwarted by immediate desires-a pattern particularly common in food choices. Research in economics, psychology, and marketing has identified a rich supply of unrelated small influences or "nudges" that can help make healthy choices easier, aligning behaviors with intentions. We organize these streams of research using a novel taxonomy, the 4Ps Framework for Behavior Change, to integrate nudges within a dual-system model of consumer choice and to provide suggestions for extensions. We conclude with a discussion of some practical challenges facing researchers in this area.
Introduction
An implicit assumption of most consumer choice research is that people consciously choose the alternative they prefer: choices reveal underlying preferences [59, 70] . It might at first seem obvious that if you buy and consume a bucket of popcorn at the movies, you must have preferred it to no popcorn, and to all other potential alternatives. However, this inference is questionable for three reasons. First, it assumes you made the popcorn buying and eating decisions mindfully, rather than out of habit. Second, it assumes you were aware of and considered all the potential alternatives-including stopping eating-throughout the process. Third, it suggests that if you held conflicting preferences (e.g., future fitness versus current buttery goodness), your "true" preference won out. In this article, we discuss why choices do not necessarily match conscious preferences. Research shows that many behaviors are performed mindlessly [4] -particularly eating [81] -and actions often precede conscious thought [42, 72] . Even when acting consciously, people often fail to consider all potential options. Finally, while it would be impossible to say which preferences are "truer," the future-or present-oriented ones, multiple factors bias choices toward immediate gratification. There are few domains in which potential conflicts between future-and present-oriented preferences are so salient as in choices between healthy and unhealthy foods.
Most people report a desire to eat healthfully [65] , yet eating poorly and too much has contributed to an obesity epidemic in the USA. As Ruhm writes, "there is little indication that the large secular increases in body mass index have been accompanied by a corresponding growth in utilitymaximizing weight" ( [58] , p. 781). Supporting his claim that "individuals act as if their eating patterns represent mistakes rather than planned behavior" ( [58] , p. 781), each year, American consumers spend more than US$50 billion dollars on weight loss attempts [47] -including more than 200,000 bariatric surgeries [24] . Furthermore, obesity has become the leading preventable cause of death. In addition to increasing the personal risks of heart disease, diabetes, and other chronic illnesses [16] , obesity is estimated to account for almost 10 % of total annual medical expenditures in the USA [14] . It is therefore in everyone's best interest to help make healthier food choices easier.
In this article, we review research on nudging people toward healthy choices, and offer a framework to support the application and extension of this research. We first describe a dual-system decision making process, with intuitive responses being sometimes overridden by deliberative ones, that helps explain why healthy food choices are difficult to make. Next, we introduce a new framework-the 4Ps Framework for Behavior Change-to propose ways to help make healthy choices easier, integrating research findings from behavioral economics, psychology, and marketing. This framework provides many opportunities for nudging people gently toward healthy choices by changing what choices are offered, how choices are made, how choices are communicated, and how intentions are reinforced. In the final section, we discuss some practical challenges of researching how to nudge people toward healthy choices.
System 1 and System 2
Dual-process models classify cognitive processes into two systems-intuition and reason (cf: [12, 71] ). The intuitive process, known as System 1, is quick and heuristic-based, while the rational process, known as System 2, is deliberate and rule-based [74] . Choices emerge as an interplay between the two systems. System 1 can be thought of as generating a first impression or gut response, with System 2 sometimes second-guessing that response [35, 73] . While originally the framework was applied to understanding judgments, Dhar and Gorlin [10] extended the dual-system framework to the choice domain: one option in a choice set may elicit a strong System 1 response, while another may require the conscious deliberation of System 2. For example, the immediate urge to grab a doughnut is generated by System 1, whereas contemplating the potential health consequences of eating doughnuts requires engaging System 2.
System 2 does not always monitor the System 1 response carefully for several reasons. First, the two systems often agree. Second, while System 2 is capable of conscious, logical thought, deliberation is effortful, requiring both ability and motivation. Often, ability is limited by multitasking or distractions. Extraneous thoughts compete for attention and siphon away mental processing power, inducing a state called "cognitive load," in which System 2 is less likely to override System 1 responses [67] .
In other circumstances, actions are performed "mindlessly," bypassing conscious processing altogether. Although people experience their decisions as willful, researchers find that the choice environment can exert strong unconscious influences. For example, people rarely realize that the amount of food they eat depends on the size of the portion, plate, utensil, or cup-and even the lighting and music (see [81, 82] for reviews of this research). Furthermore, repeated behaviors become habitual, occurring without conscious intent.
We have discovered that the System 1/System 2 framework has important implications in the domain of health choices. To the extent that the intuitive system favors the unhealthy option, decisions become biased toward that option. We discuss next why System 1 tends to favor unhealthy options, and how the food domain offers specific challenges for System 2.
Why Choosing Healthy Foods is Hard
Whereas there is nothing inherently unique about choices that impact health, there are several psychological factors that make the choice of a healthy option difficult. These choices tend to force tradeoffs between present and future costs and benefits. In particular, whereas most benefits of unhealthy options are certain and immediate, many potential costs are uncertain and far in the future. The reverse is true for healthy options: most costs are certain and immediate, but many potential benefits are uncertain and far in the future [53, 89] . For example, eating buttery popcorn is pleasurable in the moment, whereas indulging frequently in large buckets of buttery popcorn could lead to weight gain and health problems-but these outcomes are uncertain and far in the future.
First, choosing between a certain and immediate pleasure and an uncertain future cost is intellectually challenging. System 1 is wired to respond to immediate pleasure by producing a feeling of desire. In order to consider discount rates and weigh more abstract future outcomes, the decision maker must engage System 2 and make multiple probabilistic assumptions. That reasoning task is effortful and complex. As a result, System 2 often fails, leaving decisions biased toward the unhealthy options favored by System 1.
Second, even when System 2 is engaged, excessive discounting of future outcomes exacerbates the difficulty of weighing tradeoffs [17] . People tend to be present-biased: they overemphasize immediate benefits and costs and undervalue costs and benefits that are delayed [1, 17, 55, 56] . Again, this bias results in favoring unhealthy options which appeal to System 1.
Third, unhealthy behaviors carry a substantial cost only if they are regularly repeated. Since the long-term cost of any one food decision is negligible, people tend to underestimate the cost of choosing unhealthy foods because they fail to aggregate over consumption episodes, treating each consumption occasion as separate and neglible [38] . Even worse, when people do consider consumption in aggregate, they are motivated to believe they will make healthier choices in the future [37] and therefore feel licensed to make an indulgent choice now [15, 36] .
A fourth special challenge of health choices is the requirement for self-control. Even when deliberation has declared the unhealthy choice "wrong," resisting the temptation still requires self-control. Self-control is the capacity to alter behavior in the pursuit of personal long-term goals-and this capacity is limited. Researchers have found that resisting one impulse diminishes the ability to resist the next, a phenomenon known as depletion [5, 61] . Decision makers have particular trouble exerting self-control when they are tired, stressed, sick, under time pressure-or hungry [61, 80] . Thus, selfcontrol is likely to be depleted in the context of health decisions, particularly food choices.
A final challenge is that health choices are often made with little conscious deliberation [94] . People make over 200 foodrelated decisions per day, yet recall making only fifteen [86] . Many food decisions are habitual: a frequently performed behavior can become encoded as a context-response pattern in memory and can be cued automatically by the context [92] . People are more likely to act habitually when they are depleted, distracted, or under time pressure [93] .
Here, we have reviewed some challenges related to making healthy food choices. These decisions involve several important psychological factors: (1) they tend to involve a struggle between a System 1 desire and a System 2 reason to resist it, (2) the costs and benefits of each option are temporally dissociated and future costs are underweighted, (3) they require self-control, and (4) they are often habitual and bypass System 2 processing. We next turn to the 4Ps Framework for Behavior Change to address some of these challenges.
The 4Ps Framework for Behavior Change
We introduce the 4Ps Framework for Behavior Change as a broad strategy for nudging behavior toward desirable outcomes in specific situations-such as making healthy food choices. Whereas the rich and growing nudge literature offers a cornucopia of unrelated manipulations for effecting behavioral change, the 4Ps-Possibilities, Process, Persuasion, and Person-bring this research together in a framework to facilitate new ideas for both researchers and policy makers. The nudges fall into four broad categories: what choices are offered (Possibilities), how choices are made (Process), how choices are communicated (Persuasion), and how intentions are reinforced (Person). (See Fig. 1 for a summary of the framework.) Below, we discuss the 4Ps and present examples of research findings and types of interventions that fall into each.
Possibilities
"Possibilities" refers to the available options, or composition of the choice set, including the assortment that is offered (items and attributes), how much is offered (quantity), the arrangement (variety and bundles), and changes in the assortment over time. Interventions within Possibilities nudge people toward healthy choices either by making specific options healthier, or by changing the relative attractiveness of the options to advantage healthier ones.
Research shows that mere availability has a strong impact on consumption: people tend to eat whatever is in front of them. In a study of children's eating habits, availability was the number one driver of consumption of fresh fruits and vegetables [9] . The consumption of convenience foods such as crackers, granola bars, and juice similarly increases when families stockpile them, making those foods more available [8] . In the domain of assortments, one study found that people are more likely to choose a healthy option (a fruit over a cookie) from a larger assortment than a smaller one [64] . Sometimes, options that are already available can be made healthier (e.g., switching from white to whole-grain pasta), or more appealing. In one study, placing fruit in a nice bowl or under a light increased fruit sales by over 100 % [84] .
After the choice set has been determined, the planner must decide how much of each item to offer-how large should the package or portion be? Quantity discounts (supersized pricing) can increase the amount consumed [23] , due to a "unit bias" [19] : people tend to believe the appropriate amount to eat is an entire portion (e.g., plate, bowl, or package). As a result, they serve themselves more and eat more when dishes or utensils are large. In one experiment, nutrition academics at an ice cream social served themselves 31 % more ice cream when given larger bowls and 57 % more when given both larger bowls and larger serving spoons [88] . People also pour and drink more from short, wide glasses than tall, thin ones: children poured 70 % more juice, and experienced bartenders poured 37 % more alcohol into a short, wide glass of the same volume as a tall, thin one [87] .
Not only the options themselves, but also the variety of an assortment impacts the attractiveness of different options, and in turn, their consumption [27] . While people are more likely to choose a healthy option when there is greater variety of them [64] , even mere perceptions of variety affect satiation. People satiate faster if a meal has less variety or if they perceive a consumption experience as less varied [18] . Kahn and Wansink [34] found people ate fewer M&Ms when a bowl contained fewer colors of them, even though all colors of M&Ms have the same flavor.
In many cases, healthy and unhealthy options may be consumed simultaneously, and creative bundling can nudge people toward health. Bundling a healthy salad with a small portion of fries to create a "vice-virtue" bundle can persuade some people who would have ordered fries instead of salad to choose a bundle of one fourth fries and three fourths salad [43] . Vice-virtue bundles have nudged people to exercise as well-in a field study, Milkman et al. [52] encouraged people to exercise more by allowing them to listen to tempting audiobooks only while at the gym.
We have shared a number of possibilities for steering people toward healthy choices by modifying the composition of the assortment itself. Once a planner selects the assortment, he or she can then decide how to structure the choice, or how to position the possibilities in physical space. These decisions impact the choice process, to which we turn next.
Process
Process interventions influence behavior through changing the position of options in physical or psychological space, affecting the items' relative appeal or relative ease of selection. Process interventions can change the physical location of the options (accessibility and order) or the structure of the choice (defaults). Because they involve changes to the context in which a person makes a choice, behavioral economists call Process interventions "choice architecture" [76] .
Accessibility, or convenience, exerts a gentle yet powerful influence on choices. A long-term field study in a hospital cafeteria showed that making water more accessible by placing it at eye-level in refrigerators and in five baskets located near food stations increased water consumption by 26 % [77] . People also drink more water when it is easily accessible on their table, rather than 20 ft away [11] . Conversely, cafeteria visitors purchased fewer junk foods when they were less accessible, requiring waiting in a separate line [50] , and in another study, people were less likely to serve themselves ice cream when it was less accessible, in a closed rather than an open freezer [41] .
Order, too influences choice outcomes. Different positions are privileged in different contexts, but overall, privilege is determined by ease: choice shares are higher for options which are easiest to reach, remember, see, or rationalize. At a conference breakfast, the same seven dishes were served in two buffet lines, ordered either from healthiest to least healthy or vice-versa. Conference participants randomly assigned to one of the two lines filled two thirds of their plate with the first three dishes. As a result, those who reached the healthy items first served themselves more fruit and yogurt-and less cheesy eggs, bacon, and fried potatoes [83] . Similarly, children in a school cafeteria took more vegetables when the vegetables were placed at the front of the line [84] . Being first on a list helps too: featuring healthier sandwiches prominently on the first page of a menu can increase choice share [91] . In a set of three options, the middle item holds the privileged spot. When options are ordered by an alignable attribute such as size, people with weak preferences tend to compromise by choosing the middle option because it is easier to rationalize [66] .
A final technique for influencing the choice process is through defaults [32] . Due to the powerful and pervasive bias toward the status quo [60] , defaults have proven extremely effective in guiding choices even in domains as weighty as organ donations [31] and retirement savings [75] , as well as food choices. In one study at a Chinese takeout restaurant, patrons were asked whether they would prefer a half-serving of rice (thereby cutting 200 cal out of their meal) without receiving a price discount. A quarter of all customers chose this option, which had always been available, but had not occurred to them when the 400 cal serving of rice was offered as the implicit default [63] . However, defaults are less effective when preferences are strong. When preschool children were provided apple slices as the default side but allowed to switch to French fries, their strong preference for fries led the vast majority to reject the default apples [33] .
In addition to improving the possibilities and the choice process, there are many opportunities for nudging people toward healthy choices through persuasive communication.
We next turn to interventions in this domain-Persuasion.
Persuasion
Persuasion through visual images targets System 1, and can make healthy options more tempting, or unhealthy items aversive. For example, viewing a vial of fat from a gallon of whole milk stimulated a disgust response, motivating a switch to skim [25] . Simple visual classification systems provide a heuristic System 1 can easily apply. Thorndike et al. [77] found that a simple green/yellow/red (traffic light) colorcoding scheme increased the sales of healthy items (green) and reduced sales of unhealthy items (red) in a large hospital cafeteria.
Names can speak to the intuitive system as well. Researchers have found that using vivid adjectives such as "succulent" or "homemade" makes foods more appealing, tastier, and even more filling [81] . In a national Healthy Lunchrooms initiative, vivid names such as "Florida Fresh Oranges" increased fruit consumption in school cafeterias by 26 % [33] . Naming also impacts a meal's perceived healthfulness, and hence the amount that people eat. People tend to eat more pasta salad when it is called the "salad special" than the "pasta special" [28] . Similarly, people eat more when portions are called "small" or "medium"-although they believe they have eaten less [2] .
Successful persuasive communication requires sending the right message at the time when the individual will be most receptive to it. Although an individual pursues many goals, only a small number are active in any particular moment [15] . Planners can time persuasive messages to coincide with "moments of truth" in which the relevant goals are salient, or they can try to cue the relevant goals. A planner wishing to remind people to take the stairs might place signs next to or on the elevators, when people are thinking about their goal of getting upstairs. Stair prompts with messages such as "Burn calories, not electricity" have been found to be highly effective, increasing stair use by as much as 40 %, even 9 months later [40] . A planner intending to cue a goal such as dieting must be careful what stimuli they use, since some will cue differing, even opposite responses across people with differing goals. One study found that exposing dieters to images of diet foods instead of non-food images successfully reduced subsequent snack consumption, presumably because these images made their diet goal salient. However, the same images increased snack consumption among non-dieters, presumably because seeing pictures of food cued the desire and goal to eat [7] .
Person
Interventions in the Person category shift the focus from the individual decision in a particular context to helping decision makers make better choices across contexts. Most attempts to change people's general behavior are purely informative, offering advice [78] . However, we have already discussed why in the case of food decisions, intentions and actions are not always consistent-primarily because resisting temptation requires resources such as attention and willpower, which are often in short supply. Fortunately, there are a few simple ways to support healthy intentions, relying less on System 2 processing and willpower. The specific routes we suggest for influencing a person to help them make healthy choices are goals, habits, and precommitment.
Setting explicit goals can increase healthy choices by reducing the thinking required for engaging in a healthy behavior. Effective goals are motivational and measurable-challenging, specific, and concrete [44] . For example, a concrete goal to lose 10 lb in 5 months or to run 3 mi three times a week for the next 5 months would be more effective than a general goal to "lose weight," where progress is not measurable and there is a lack of feedback. In addition, goals are more manageable and effective when they are broken into smaller steps. Tracking small wins along the way builds momentum: feeling progress towards a goal is motivating [39] .
While setting goals and tracking progress encourages healthier behavior by appealing to intrinsic motivation, planners can also encourage healthy behavior through extrinsic motivation, or incentives. Incentives shift the relative balance of costs and benefits toward a desired option, and in some cases, the behavior continues habitually even after the incentive period has ended. Paying participants to regularly go to the gym boosted gym attendance even after the monetary incentive was removed [21] , and paying people to quit smoking has been shown to be effective as well [20] . Promotions such as loyalty cards can be particularly effective because they link the financial incentive with a sense of progress towards a goal, combining extrinsic and intrinsic motivation [3] .
Unlike goals, which require conscious focus and effort to stick to them, a habit is a behavior that is initiated effortlessly and automatically, triggered by a relevant cue in the environment [92] . Habits have become automatic over time through repetition, and they can be modified by changing environments or cues [78] . Research shows that environmental cues are extremely powerful in shaping habits, and in many cases, environmental cues trigger unhealthy food habits. For example, entering a movie theater can cue a mindless popcorn consumption habit. In one study [54] , habitual popcorn eaters consumed just as much popcorn while watching a movie if the popcorn was stale as if it was fresh (despite complaining about it), while non-habitual eaters ate less when the popcorn was stale.
Given that habits are cued by the environment with minimal decision making, successful interventions involve disrupting those environmental factors. Behavior can be modified by changing environments or cues [78] , although overcoming habits is hard. Eradicating poor habits is most effective when people change their environment: while traveling, after a move, or in periods of change or restructuring [78] .
A final way to encourage people to make healthy choices is through precommitment-committing to a future course of action. Precommitment works by reducing reliance on willpower, allowing people to choose for the future when they are in a "cold state" rather than choosing for the present, in a "hot state" [45] . A commitment device commits a person to a future course of action, preventing or penalizing divergence from it. In an elementary school field study, children who preordered their lunch entrée were nearly twice as likely (29 vs. 15 %) to choose the healthier option [22] .
Another form of precommitment, "temptation bundling," allows people to restrict their use of a tempting option (e.g., listening to enjoyable audiobooks) to coincide only with their engaging in a virtuous behavior (e.g., exercise) [52] . In one large field study using a penalizing precommitment, more than a third of grocery store customers chose to risk losing money when they precommitted to increasing their purchase share of healthy items [62] -and they subsequently purchased a greater share of healthy foods than did a control group who had made the same choice hypothetically. People are even willing to pay money for commitment devices: smokers pay a premium to buy smaller packs of cigarettes to ration their smoking [89] .
We have considered different angles through which planners can impact the individual decision maker: both internal and external motivation to set goals, ways to gradually change habits, as well as commitment devices that decision makers can use to better adhere to their goals. These three approaches have potentially high payoffs because, by influencing people's patterns of behavior, they produce a long-term impact. Interventions focusing on the person can build healthy patterns of behavior over time, which can sometimes lead to these positive behaviors becoming habitual.
In this section we have introduced a novel unifying framework-the 4Ps Framework for Behavior Change-that serves as a useful way to organize research findings in psychology, behavioral economics, and marketing in order to stimulate new ideas among researchers and to help planners make healthy choices easier. In the next section, we discuss some challenges for future research on encouraging healthy behavior as well as some fruitful areas for future research.
Practical Challenges for Behavior Change Research
Conducting behavior change research is extremely important because it has the potential to create real-world positive changes in human health. While some of the nudges we reviewed above may seem insignificant, they can have profound effects when aggregated over time. One estimate shows that obesity in the majority of the population could be addressed if people ate several fewer bites at each meal or took approximately 2,000 extra steps each day [26] . While researchers striving to change behavior are committed to impacting real life outcomes, fulfilling this goal, and documenting success, provides additional challenges beyond the hurdles of the publication process. Whereas publication of research findings requires observed effects to be statistically significant, it does not require them to be of meaningful size or duration, or easily replicable. And researchers in both behavioral economics and health can help each other to address these practical challenges.
What Constitutes a Meaningful Effect?
Research publications favor statistically significant results, with differences large enough-and often only large enough-to imply a high likelihood of observing a measurable difference under similar circumstances in the future [69] . Aside from the "file drawer" problem that reduces the overall replicability of published results [57, 68] , the emphasis on statistical significance detracts from meaningful impact. Since p values are a function of sample size, very large samples can detect statistically significant differences of no practical import [6] . Conversely, some effect sizes technically categorized as "small" can have large practical value. For example, McCartney and Rosenthal [49] showed the impact of an educational intervention with a small effect of r=0.14 yielded a 700 % return on investment.
When determining what will constitute a meaningful effect, indirect as well as direct outcomes should be considered. This assessment should include the balance between potential costs and benefits as well as the degree to which the outcomes of the manipulation affect the true outcomes of interest, as well as the size of the effect relative to other interventions. For example, taking one extra flight of stairs per day burns 5 cal for a 150 lb person, while switching one 12 oz cola from regular to diet saves 140 cal (28 flights of stairs). So if caloric intake is the indirect variable of interest, a successful intervention leading soda drinkers to switch to diet drinks will be more meaningful than a successful intervention leading elevator takers to switch to stairs.
Two further complications in the achievement of a meaningful change, specific to food choices, are the uncertainty around whether eating more healthy foods is actually healthy, and the uncertainty regarding which foods are healthy. In our discussion of the 4Ps Framework, we described multiple ways to increase consumption of healthy foods, starting with making more of them available more often. However, we caution that in most cases, increasing the consumption of healthy foods provides a net benefit only if it coincides with reducing the consumption of unhealthy foods. If eating more healthy foods simply means eating more, that "healthy" behavior could ironically result in weight gain, obesity, and poor health. This brings us to our next point, which is that definition of "healthy" is relative and context-dependent. We have avoided defining what a healthy food is for this reason. From a practical perspective, we suggest that both researchers and planners prioritize nudges that either decrease the consumption of foods and drinks widely believed to be unhealthy, or force tradeoffs between healthier and less healthy foods. For those seeking to quantify health differences among various foods, researchers have consulted expert opinions to develop an algorithm for calculating healthfulness based on nutritional content [48] .
How Should Impact be Measured?
A problematic assumption in many experiments involving healthy food choices is that participants do not compensate for their healthy choices by making unhealthy ones on some other occasion. Most lab experiments measure effects in just one shot, and most field experiments measure few or only one consumption variable (e.g., potato chips). A few researchers have attempted to measure compensatory consumption. For example, nudging cafeteria customers away from candy increased their consumption of desserts and fruit, while nudging them away from potato chips increased consumption of other starches [50] . However, even these laudable experiments are unable to confirm or deny compensatory consumption in other contexts. While one solution would be to measure meaningful consequences that lie further downstream-e.g., weight or blood pressure, these outcomes have so many antecedents that detecting a meaningful effect through the noise could require unfeasibly large sample sizes. To mitigate these problems, food researchers could have a sample of participants track their overall consumption through food diaries (which may be biased overall, but could be used to show trends), or track meal and snack consumption in one location in aggregate by measuring the amount of food produced and wasted over the course of several weeks or months to observe any consistent changes in the population as a whole.
Which Effects Persist Over Time?
Since most "nudge" research documents impact of an intervention at one moment in time or during one time period, researchers generally cannot say whether their observed effects fade or disappear over time, and if they do, how long a meaningful effect persists. A strong test is whether interventions form habits that persist even after the context changes. Some follow-up studies failing to find a long-term impact of an incentive after it has been removed suggest that habit formation is probably the exception rather than the rule (e.g., [30, 79] ). A weak test is whether the observed behavior continues in the same environment. A few field studies have measured the effect of nudges over time-for example, fruit consumption continued throughout an entire semester at double the previous rate when it was kept in the same attractive location [84] . The duration of most nudge effects, however, has not been tested. One obvious reason is that follow-ups are difficult, costly, and sometimes impossible. However, another more insidious reason may be that researchers might sometimes prefer ignorance to risking the knowledge that their observed effects change turn out to be evanescent. For our research to be practically helpful, we must make more efforts to test long-term effects when we can, and to help practitioners test them with or without our participation.
It is particularly important to conduct research with followup measurements because psychological theories rarely predict how behavior may change over time. Changes in behavior from informational interventions that rely on attention and conscious processing-for example, those requiring that people pay attention to new labels-will likely wear off more quickly as the novelty of the labels wears off and people no longer attend to them. On the other hand, environmental interventions that are mindless, such as placing healthy options first or switching to smaller plates, may bypass conscious processing and may be less likely to wear off over time.
Which Manipulations are Still Effective When Noticed?
A common feature of most nudges reported here is that they operate below the level of conscious awareness, and it is sometimes assumed that success depends on concealment. However, as far as we are aware, this assumption has not yet been tested. Calling attention to an intervention precludes mindless benefits, yet it could also prime relevant goals, making them more salient and more likely to be acted upon. For example, Thorndike et al. [77] found that placing extra bins of water bottles near the cash register in a cafeteria increased water purchases. We cannot know whether the observed effect might have been larger or smaller if these bins had displayed a sign such as, "We stocked these bins with water to help you drink more water"-an empirical question. It is possible, too, that drawing attention to various nudges might have differing effects depending on the person and the goal. For example, most people might believe it would be a good idea for them to drink more water. But a sign on the same water bin reading "We stocked these bins with water to help you reduce your consumption of sugary beverages and lose weight" could spur reactance and might even lead some people to purchase sugary beverages out of spite for what they experience as paternalistic interference. Studies have shown that prohibition of certain foods can increase consumption of the "forbidden fruit" [29, 90] or decrease consumption of a mandatory healthy option [46] .
We hope that more researchers studying health behavior change, and behavioral economics in general, will continue to push the envelope in conducting studies with practical impact. We do not claim to have solved these problems in our own research; we face all the same challenges other researchers do. We do, however, believe our field has great, untapped potential for benefiting health and changing behaviors outside the lab, and that we can all do a bit to nudge both field and practice forward.
Conclusion
People's behaviors do not always match their stated preferences, and diverge in predictable ways. For example, although most people report a desire to eat healthfully, their repeated failures to act consistently with this preference have contributed to an obesity epidemic. These failures to eat healthfully are predictable because they spring from multiple ways in which System 2 reasoning is hijacked by the intuitive System 1, leading people to fall prey to temptation or act without thinking. Here, we have provided some psychological explanations for these failures, and we have presented a new framework, the 4Ps Behavior Change Framework, to offer some solutions. The 4Ps Framework organizes research on making the healthy choice the easy choice, through interventions in the domains of Possibilities, Process, Persuasion, and Person. Finally, we have presented some of the practical challenges facing researchers who desire to change eating behaviors for the better, to help people align their actions with their stated healthy preferences.
